Risk is omnipresent, and hedging has been motivated by the desire to reduce risk. An essential feature of hedging is that the trader synchronizes his/her positions in two markets. One is generally the "cash" or "spot" market (the market for immediate delivery), while the other is the derivatives market (Johnson, 1960) . Studies of hedging carried out in developed markets like the United States and Europe have finally arrived in emerging markets such as China, India, Brazil, Russia and many other Asian countries. Spyros (2005) has presented a brief account of contemporary studies in this area. Among emerging markets, India has a considerably large derivatives market supported by prudent risk management systems and a growing economy. However, hedging one's stock position through futures and options in the Indian context is still the road less travelled. Even if it is done, the techniques used have been too naïve and primitive. This paper tries to explore Indian futures and options market as a market for hedging by equity holders. We have tried to examine optimal hedge ratio and hedge efficiency, and to provide empirical evidence from India.
Introduction
Risks are omnipresent and exist from time immemorial. In financial parlance, risk is any variation from an expected outcome. So, for an investor, risk includes an outcome when one may not receive the expected return (Stein, 1961) . Traditionally, hedging has been motivated by the desire to reduce risk by taking a position opposite to the exposure. The quest for better hedge has been the motive for sophisticated risk management and hedging techniques. Derivatives are used as a tool to transfer risk, i.e., for hedgers (Bodla and Jindal, 2006) and, therefore, they are extensively used as hedging instruments worldwide, including emerging markets like Malaysian, Italian and Portuguese equity markets.
However, hedging one's stock position through futures and options is still the road less travelled in India. Even when it is done, the techniques used have been too naïve and primitive. Lack of suitable hedging models for the Indian market is a challenge to the risk management system of participants and regulators. It is also a deterrent for attaining greater market depth, and may severely affect the stability of Indian markets. Further, availability of high frequency data in the recent past will help validate such models empirically. Johnson (1960) has pointed out that hedgers prefer to hedge through the futures market as it is easier to square off and opt for cash settlement than taking actual delivery as is the case with the forward market, since the objective is to take advantage of relative price movements. The same is true for hedging with options. This study focuses on hedging price risk of equity index through index futures and options contracts. However, the models used have been too naïve and primitive and based on the assumption that the price movements are negatively correlated, and hence gains from one market offset the losses in the other. Even National Stock Exchange (NSE) of India Ltd., whose NCFM (NSE's Certification in Financial Markets) certification is mandatory for market participants, discusses naïve hedging only. This study is, therefore, an attempt to explore the Indian derivatives market for hedging by equity holders.
Motivation
We reviewed the advances in HKM (Herbst, Kare and Marshall, 1993) methodology, and compared them with JSE (Johnson, 1960; Stein, 1961; and Ederington, 1979) methodology. We present a comparative study of HKM and JSE methodology for estimating optimal hedge ratio and hedge efficiency for futures. We propose to test JSE and HKM methodologies for estimating optimal hedge ratio and hedge efficiency using high frequency data from Indian financial futures market. Similarly, in the case of options, we compare Fractional Brownian motion (fBM) methodology with Black-Scholes model (BSM). We have estimated the returns on hedged positions to empirically validate the efficiency of optimal hedge ratios.
The paper is organized as follows. Section 2 covers a brief review of hedging and its evolution in chronological order followed by statement of hypotheses in Section 3. Results are discussed in Section 4, and conclusions are included in Section 5.
Review of Literature
Experts from different disciplines such as mathematics, statistics, economics, computer science, information technology and finance have contributed to the literature on derivatives. There are two main hypotheses to explain hedging. They are: (i) destabilizing force hypothesis; and (ii) market completion force/non-destabilization hypothesis. Destabilizing force hypothesis propounds that the derivatives market attracts highly levered and speculative participants due to lower trading costs, which creates artificial price bubbles and increases volatility in the spot market. Market completion force/non-destabilization hypothesis states that introduction of derivatives complements the spot market and improves information flow resulting in better investment choices for investors. It may bring more private information to the market and disseminate the same faster. Some studies suggest a possibility of speculators moving to the derivatives market from the spot market due to lower transaction costs and other benefits like cash settlement. This may lead to reduction in volatility.
Available evidence on financial futures can be divided into five areas: (i) Impact of (launch of) futures on spot market volatility (Shenbagaraman, 2002; Hetamsaria and Swain, 2003; Nagraj and Kotha, 2004; Thenmozhi and Thomas, 2004; Hetamsaria and Deb, 2004; Josi and Mukhopadhyay, 2004; Bodla and Jindal, 2006; Bagchi, 2006; Rao, 2007) ; (ii) Lead-lag relationship (reflected in price and non-price variables) between futures and spot market (Srivastava, 2003; Sah and Omkarnath, 2005; Praveen and Sudhakar, 2006; Mukherjee and Mishra, 2006; Gupta and Singh, 2006) ; (iii) Role of futures in price discovery (Sah and Kumar, 2006; Gupta and Singh, 2006; Kakati and Kakati, 2006) ; (iv) Impact of information and expiration effect on spot prices (Thenmozhi and Thomas, 2004; Barik and Supria, 2005; Mishra, Kanan and Mishra, 2006; Mukherjee and Mishra, 2007) ; and (v) Better forecasting methods for greater accuracy of derivatives prices (Ramasastri and Gangadaran, 2005; Shrinivas, Dulluri and Raghvan, 2006; Mitra, 2006) .
Hedging with Futures
There is very little evidence of hedging in the Indian context. Lack of evidence on such a contemporary issue is surprising. There is evidence of hedging in different markets (Johnson, 1960, and Stein, 1961, in commodity market; Dale, 1981, and Marshall, 1993 , in foreign exchange market; Ederington, 1979, and Franckle, 1980 , in fixed income securities market). The evidence on use of equity and equity derivatives as hedges is missing. Therefore, we have presented a review of literature from the commodity, foreign exchange and fixed income securities markets.
Hedge is used to reduce the risk associated with a cash position or an anticipated cash position. Keynes, in his "Treatise on Money" (1930) , envisioned the futures market as an insurance scheme for hedgers, who pay premiums to speculators for taking their risk. The basic assumption here is that hedgers are generally long in cash market, and, therefore, they need to hedge their position by taking short position in the forward market or future market.
In general, for a position consisting of a number, "X i " of physical units held in market "i," hedge may be defined as a position in market "j" of size "X j *" units such that the price risk of holding "Xi" and "X j *" from time "t 1 " to "t 2 " is minimized (Johnson, 1960) . Therefore, the hedge ratio could be defined as the number of "X j *" units (of hedging instrument) in market "j" required to hedge one unit held in market "i" (cash position). So, a hedger would protect his position in physical/cash market by simultaneously selling a sufficient number of futures contracts. Once the underlying asset is sold, the futures position may be squared off by taking the equal and opposite position (long position, in this case) in the futures contract. Let "S 1 " and "S 2 " denote the spot prices, and "F 1 " and "F 2 " the prices of futures at "t 1 " and "t 2 " respectively. Then, hedge ratio (h) is defined as:
If the change in spot price is equal to that of futures, i.e., if the price movements are parallel, the gain from one market offsets the loss in the other. Otherwise, he would be left with a residual capital gain or loss.
The hedger will take a total gain (loss) arising from price movements from "t 1 " to "t 2, " equal to the positive (negative) value of x [(S 2 , -S 1 ) -(F 2 -F 1 )] for "x" units of inventory.
The hedge is perfectly effective if [(S 2 -S 1 ) -(F 2 -F 1 )] is equal to 0.
This indicates parallel shift in prices in cash and futures markets. This is one of the underlying assumptions of Keynes theory. This is a naïve approach to hedging.
However, Working (1960) has negated this assumption of parallel movement in prices of spot and futures. He argued that this assumption is false, and an improper standard to test the effectiveness of hedging. The effectiveness of hedging used with commodity storage depends on inequalities in the movements of spot and futures prices, and on reasonable predictability of such inequalities. This implies gains from hedging, if generalized, are:
In the JSE methodology, spot prices are regressed on futures prices using ordinary least squares (OLS) method.
S = a + b. F + u (3)
Where "a" is the intercept term (expected to be zero), and "b" is the estimate of "h*".
There are limitations of this model as mentioned by Herbst, Kare and Marshall (1993) . For example, residuals from JSE estimation of optimal hedge ratio are serially correlated and, therefore, a Box-Jenkins autoregressive integrated moving average (ARIMA) technique should be used to estimate the minimum risk hedge to account for the observed serial correlation (Herbst, Kare and Caples, 1989) . A commonly used alternative is first differences. The merits of levels versus differences are discussed, in the context of foreign currency hedging, by Hill and Schneeweis (1982) . Another alternative is to specify the problem as minimizing the variance of returns on wealth. This leads to a regression of percent price changes, which is fairly clean.
Hedge ratio is estimated as first difference of prices. So, changes in spot price are regressed on changes in futures price.
.
S a b F u
Where, terms "a" and "b" are constants, S Δ = S(t) -S(t-1) and F Δ = F(t,T) -F(t-1, T) and "u" represents the error term. The term "b" (slope of the line) is optimal hedge ratio (with minimum variance).
This was an improvement, though it retained some serious flaws. One of the limitations emerged from the assumptions of regression. Regression can be used when relationship between Explained Variable (S t ) and Explanatory Variable (F t ) is stable. This implies constant basis irrespective of time of observation. In reality, in a direct hedge, the basis must decline over the life of the futures contract and become zero at maturity. Franckle (1980) , in his reply to Enderington (1979) , drew attention to this point and suggested a modified hedge ratio that incorporates the declining basis. Castelino (1990) argued that regression based hedge ratios must be time dependent. However, he argued that time dependent hedge ratios cannot be of minimum variance. In tests with financial futures on short-term interest rates, he claimed superior results vis-à-vis JSE by accounting for time in the hedge ratio estimation. But his results had two limitations: (a) they are based on an arbitrage model for treasury bonds that is of limited applicability to hedges with other futures contracts, and (b) they implicitly rely on the stability of spot-futures relationship from the prior year into the year of the hedge. The problem of instability of hedge ratio was also addressed by others, such as Grammatikos and Saunders (1983) and Malliaris and Urrutia (1991a, 1991b) . However, they did not address the problems arising from the exclusion of time. Equation (4) suggests that the relationship is not stable but time-varying.
Taking natural logarithm on both sides,
In[S(t)/F(t,T)] = -rT (5)
Equation (12) can be estimated as:
ln[S(t)/F(t,T)] = a +dT + µ i (6)
Where "a" is the intercept term (expected to be zero), and "d" (the slope), is the estimate of "r." Once the coefficient of "T" in Equation (6) is estimated by regression, the optimal hedge ratio can be estimated as:
An important difference between the JSE hedge ratio and that defined by Equation (7) is that the latter can be revised daily once the estimate of full cost of carry is available (from a few trading days of a futures contract). The estimated hedge ratio "h*" will change daily depending on the term to expiration of the futures contract. The JSE hedge ratio "b," on the other hand, is a constant estimated solely from the past data. Historical data may provide poor estimate of the minimum variance hedge ratio, especially when the spot-to-futures relationship is not stable.
Hedging with Options
The introduction of options has price effects, volatility effects, cross effects, announcement effects and persistence effects on the market for underlying shares (Detemple and Jorion, 1990) . The evidence on options can be divided into five areas: (i) The effect of listing of options on volatility and liquidity (bid-ask spread) of underlying cash market (Trennepohl and Dukes, 1979; Skinner, 1989; Watt, Yadav and Draper, 1992; Chamberlain, Cheung and Kwan, 1993; Kumar, Sarin and Shastri, 1998; Chieng and Wang, 2002; Chaudhury and Elfakhani, 1997) ; (ii) The effect of option expiration on underlying cash market (Detemple and Jorion, 1990; Conrad, 1989; Corredor, Lechon and Santamaria, 2001 ); (iii) The lead-lag relationship between price (and non-price variables) of option and underlying spot market (Manaster and Rendleman, Jr., 1982; Easley, O'Hara and Srinivas, 1998) ; (iv) The role of options in price discovery in spot market (Bhuyan and Chaudhary, 2001; Bhuyan and Yan, 2002; Srivastava, 2003; Mukherjee and Mishra, 2007) ; and (v) The use of options as risk hedges. Raina and Mukhopadhyay (2004) and Kakati (2005) are among the few who explored hedging though indirectly. For instance, Raina and Mukhopadhyay (2004) tried to minimize the risk of portfolio comprising equities, equity futures and equity options (European options only), in terms of value at risk (VaR). This study can help in design of portfolios of equity and equity futures or equity and equity options with minimum risk as measured by VaR for determination of hedge ratio. Kakati (2005) tried to show that Artificial Neural Network (ANN) based option pricing model is superior to Black-Scholes model. They also tried to show that, ANN models, if designed correctly, add value to option price forecasting. ANN methodology provides better results than those obtained using normal delta-hedging in the Indian options market. The BlackScholes (BS) option pricing formula is based on arbitrage and explicitly provides a delta-based hedging strategy to replicate a plain put/call option assuming all risk can be mitigated from an option position via a continuously rebalanced delta hedge (Pellizzari, 2005) . In practice, continuous rebalancing of a delta hedged portfolio is impossible, and, therefore, discretely adjusted delta hedging is augmented with gamma hedging, and sometimes even vega hedging (Dingler and Jarrow, 1997) . This discretization may lower the effectiveness of delta hedging. Further, Merton (1989) showed that the inclusion of transaction costs, no matter how small, destroys the Black-Scholes (1973) continuous-time option pricing model completely.
Nonetheless, there have been attempts to improve this model, The BS pricing formula could be presented as:
Where:
And, OHR call = N(d 1 ) and:
Where C, S, K, r and (T-t) represent fair price/premium of the option, spot price of the underlying asset, strike price, risk-free rate of return, time to expiration respectively, and "N" is the standard normal cumulative distribution function. The optimal hedge ratio is N(d 1 ) (for call options) and [N(d 1 ) -1] (for put options ). The optimal hedge ratio is popularly known as Delta, and hedging strategies based on it are known as Delta Hedging. Delta of a call option is always positive (as it varies from '0' to '1') and Delta of a put option is always negative (as it varies from '0' to '-1'). Thus, the value of a call increases with an increase in the stock price while the value of a put decreases if the stock price increases.
Many studies have established that returns are not normally distributed as they were found to have fat tails. This implies that use of high frequency data will help in estimation of a more accurate central measure. The second problem leads to long-range dependence. According to Efficient Market Hypothesis (EMH), all information is reflected in current asset prices, and hence it is reasonable to assume a Markovian process. However, this is only true when the market is efficient in strong form, which may not be valid in reality. Traders have been using long-term memory strategies to outperform the market. This motivated a series of research studies further purporting the existence of a non-Markovian process (Lo & MacKinlay, 1993) . A few stochastic models have been developed that can produce quasi long-range dependence. However, these models are very complex as they use high-dimensional partial differential equations with variable coefficients.
Fractional Brownian motion (fBM) deals with the second problem while still assuming a Gaussian process. Nevertheless, it offers the promise of giving simple, tractable solutions to pricing financial options and presents a natural way of modelling long-range dependence, measured by Hurst parameter "H". Razdan (2002) This is also called fractional Black-Scholes formula. With generalized solutions the fractional pricing model is free of arbitrage and complete (Sottinen and Valkeila, 2003) . One may further note that as H =1/2, set of equations (8) reduces to equation (9).
O t = K i +C i for i = 1,2,3,………..
Hypotheses
This study is an attempt to estimate hedge ratio and hedge efficiency. We have compared JSE and HKM methodologies for estimating optimal hedge ratio and hedge efficiency using high frequency data from Indian financial futures market from Jan. 1, 2002 to March 31, 2002. To estimate optimal hedge ratio for options, we have used fBM methodology with BSM as the benchmark, using high frequency data for all 13 strike prices. We have estimated the returns on hedged positions to validate the efficiency of optimal hedge ratios.
The model with the higher estimate of "R h *" (in Equation 2) was considered better. The hypotheses for futures are:
1.
H 0 : There is no difference between mean optimal hedge ratio (OHR) based on JSE and HKM methodology.
Mean optimal hedge ratio (OHR) based on JSE methodology is greater than that based on HKM methodology. The hypotheses for options are:
1. H 0 : There is no difference between mean optimal hedge ratio (OHR) based on BSM and that based on fBM.
Mean OHR based on BSM is greater than that based on fBM. 
Results and Discussion

Futures
The daily weighted average prices are derived from high frequency data on Nifty index and its futures using Oracle 8i. The estimates of optimal hedge ratio using the two methods (JSE and HKM) h*, and the return (R h *) are included in Table 1 . The null hypothesis is rejected. This means optimal hedge ratio estimated using JSE method is greater than that based on HKM methodology. We don't reject the null hypothesis. The mean returns estimated using JSE and HKM methodology are not statistically significantly different.
The results are encouraging in the case of estimates of optimal hedge ratio (OHR) for futures. OHR estimated using a superior method (like HKM) was better and statistically significant at 95 percent confidence level. However, Adjusted R 2 is very low (0.0676) in case of HKM methodology which is contrary to a priori expectations. It is expected to be significantly high due to the dual advantage vis-à-vis the benchmark model of JSE. This (HKM) model is also expected to provide ideal results about the error term, i.e., zero mean, constant variance and zero co-variance. Time to expiration is a significant variable in explaining futures price movement. This evidence requires a plausible explanation.
Optimal hedge ratio with futures based on HKM model is superior to that based on benchmark model. Therefore, returns on hedged positions using these ratios should be significantly higher. However, they are not significantly different.
Options
Optimal hedge ratio was estimated using equation (8) based on BSM and equation (9) based on fBM. We have used the yield on 364-Day Government of India Treasury Bills in the year 2002 (sourced from Reserve Bank of India Web site) as risk-free rate of return.
Estimation of (h*) and (R h *) for call option with thirteen different strike prices and based on standard Black-Scholes Model and on Fractional Brownian Motion is included in Table 2.   TABLE 2   Strike  Prices  920  940  960  980  1000  1020  1160  1060  1080  1100  1120  1140 Prices  920  940  960  980  1000  1020  1160  1060  1080  1100  1120  1140 The null hypothesis is rejected. This means optimal hedge ratio based on BSM is greater than that based on fBM methodology. We don't reject the null hypothesis. The mean returns estimated using BSM and fBM methodology are not statistically significantly different.
The initial results are encouraging in the case of estimated optimal hedge ratio. OHR estimated using a superior method (fBM) was better and statistically significant at 95 percent confidence level. Therefore, returns on hedged positions using these ratios should be significantly higher. However, they are not significantly different.
Conclusions
Optimal hedge ratio was estimated from daily weighted average price (generated from high frequency data) of index and index futures (from 01.01.2002 to 28.03.2002) and (call) options for one month (from 01.01.2002 to 31.01.2002) . The estimated ratios are significantly better than those based on benchmark models for both index futures and options. There is no significant difference between returns on hedged positions. This is contrary to a priori expectations, and requires a plausible explanation. We plan to estimate the optimal hedge ratios using high frequency data for a longer period. These models with suitable modification(s) may be used for hedging in Indian stock, commodity and foreign exchange markets.
